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introguction

Large Xr= ampglifiers use elec:ron Seams 5 axclte the laser gas. By
- L d

neczsssity, the dicce ang iaser caviiy must e lsolates By a mechanica.
bar-.ar; an elac:rgn heam gioge ogeratas 1n vacuum, wh.le the laser cavity
may be filled with amagats of gas. [soiatiorn 13 typically accompiisnea by a
meral foil of lcw mass gensicy uhich 1s mechan:ically sucsortec by a siructurs
having mMu.l.Z.e ODen sioLls Sesar3tec Oy ribs 10 permit passage of the
m.actirar Seam. The suppor: struciurs 1s refar-eg to as a hizacn: by reascn oFf

Jes:gr 37 @ hicacnhl must tdre 1nNto CInslceratiosn a numcer of
foi: mater:al mys:t have suff.c.ent tansile streng:h to suocor:s
the static anc dynam:z pressurs loac over eacnt hibacnl slot. The aressuyre
load axper.encec by the ent.re fo.l 1s supgor:ec by the wnole hibacn:. Fouil
temzerature rise (gegengent on eiesciran beam energy, cur~snt density, ana
foi1l propert.es) must not bae excessive to the roint whers mater:al strangth
1S ccmpromised. Tne Jesign Of the nizacni MUst minimiZe eleciron snaning
losses.

AURCRA {11 18 a %% laser system at Los Alamcs gesigned %o demonstra:e
feasipiiity of optical multip.e~xing feor KrF lasers. The first two ampi.?
in the ampli®:er cnain are the Smail Apar<urs Moculie (SAM) and the Pra-
Amciifiler (PA,, This pacer will gescrige the engineer:ng oesign of
regiacement hibacnhis for the SAM and PA as pare of a general upgrade to
incresase e-neam pumping. Hibachi snading loss macranisms are briefly
giscussec. A simpie mogel that caiculates reiative snading lasses hetuesan
hibvacnis for the axiai-field-free case 13 presented. Based on modeiing

the
fier

rssu.:s, sampie h:ibacni slots wer=s fapricatea anag frils tested to dastruction

to ver:fy stancarg memprane strcess equation. Test results were usead in the
design and facrication of hibacnis that were Lnstalled on the ampl:if.ers.
Reiat.ve snergy deposition measuraments using capacitive manome:ers are
pressntaqg.

The Smai. Aperturas Module

The SAM 1s the firs: amplifier stage 1n the AURCRA Amplifier Systam locatec
betwaen the tue.ve- ang e1gnt~-folag ercading stations. It 18 diraectly driven
Dy 4 Testage Mitc Seraracar yith s 4 ("G TirmIult oard diverc:ing switin ser
to pravide a Su.se of 109 ns FumM. [t ocerates at 359 kU and provides 46 A
at 79 k¥ cnarjge. [t 13 also fraguent., run at 85 kV charga for non-gain
snOtsi 1ts operating parameters ara then ZZJ3 kV ang 42 kA at the same
puiseiengtn, Its coid-cathode graphite fal: emitter has dimersions of 1@!.5
¢m X 1] cm. Tn (ts pravious configuration, 1tas hibachi also served as its
anode. The pgravicus hibacnt consisted of & row aof S3 versical slots, each

13.835 em hign, 1.75 cm wice, and 2.S54 cm deep, separated by ribs 0.16 ¢m wide

as srown Ln F:3. 1. The hibach: mater:al was Al BI6I-TS5!. A 25 T titamium
for!l was usec,

An Lncrease 1n the SAM hibachi tranamission was attemoted to tncreasa the
amplifier pumoting 1ntansity.



The Pre-Amglifier

The PA, the -~zana ampliif:er stage located immec:ately downs:iream of the 98-
Beam encoder, has a water die.ecric Pulse Forming Line (PFL) of 2.7 Ohms ana
an ouisut pulse langth of 533 ns. The PF_ 1s pulsed cnargea 1n lass than 2 us
by a 14 stage Marx Dank capaole uf 1.74 MY open cirzuit voitage. The cola-
catnoce elsciron dlcde, with a gragnite felt emitier of 9122 3900 cm X 22 cm,
routinely operates at 530 kU arag 183 kA at SJ kU charge. An extsarnal ax:ial
Suice freiz of 1030 & .3 used as the diace currant excasds the cr:it.cai
cur-~ant far bheam se:f-nincning.

0 cm (AQ zmoemiites with a 20

Tma or:igzinal dicce hac useg a Zm hign
~.zazny, The am -tar nag na=2n macs 1ce~t.2al 0 ths [n7ermwaeziara Ampi:fie~'s
ctnme ne.t amplitizat.on stage: to redyc2 acoulsition c2st, As @ rasult of tre
misnaicn Setwe=n FA emitter ang hipacni, half tne eleciron peam coula not be
usez to pump the laser cavity. The PR3 uypggrade inciuded the reaxlacement of
1%8 catnoge (o recover tne unusec pertion of tne beam. The anoue consisteg of

a .S cm X 2.8 cm apercure wire 3riad: the entry facs of the hibacni was

lecaten 2,54 cm aownstream of the anoce gr:.a. The orig:inal hibacni, as thown

1n fig. 2, consistez of tnres ar~ays of sicts, eacn arr~ay of Ba slots

secaratac from tne next By a 4,37 ¢cm { 2.%4 cm rib recuired for macnanical

sirangtn. Racn 32 X 2 ar~ay has ver-icai siots of size 11,14 ¢cm hign, 2.53 ¢m

w.ce, arg 2.5+ teriai
'3

cm gQear, separatec by rios Q.25 cm wice. The hibachi ma
4 S FM titanium fo:i' was usea.

The central ri.b that secarates the rows of siots in the orig:nal PA hibacni
causez a rezuct.on 1n ithe pump:ing grofile along the ribi this was shown by a
small si1gral gain expar:ment to measur=a gain pravile (2!, Singie particle
trajectiories were ajso expgected to wcrsen witn the doublea currant density.
Sas=22 on these reasgons, 1% was cecizsg o reciacn the PA hibaciii with one
that alleviatea trese progiems. The ultimate goal was & factor of 2 increase
(v.a coubleg current gens.ity) iN pumn power.

Electran losses in the foil sugport structurs
A fraction S of the elec:~on beam will be geonetrically blocked by the
]
hibacni stryuciure. This 13 unavoidabis as the tensile streangth of available
foiis as of this writing do not permit singQle-siot hibacnis of si1:223 on the

scala of the diodas discussed acove. This loss mecranism would be eiiminated

1 osuck foils wera savailapnlia,

A fracsion § , of tne beam fraction (1} - S ) tha: enters the hibacni

t 9
slots, wi.l be lost within the struciure dus to skewed sleciron traieciorties
ar.sing from the intersaction betwean the propacgating bBeam ard its self-
gererated magnatic fiaid, In the case of no applied axial magretic field,
such as SAM, this effac: results in beam pinching. Critical cur~snts at which
beam pgincn oczurs fur rectangular beams 1s zaiculated to be 35 kA for tne SAM
ang 173 kA far the PA, Since the 5AM's critical cur~=nt 13 higher than its
Qogerating cur~=2nt, an axternal f:eaid 13 not apsolutsly requireg though the
ca.culated peaam footprint at the hibacni snowen an ar=ge reJuct.on of about o
A guide fiald would he bared.clal 1N 3reserving the baam footprint for



uniformity. A pair of magnets was procured, but pgroblams with 1ts power
suppiy, and the neeg to maintain giaobai AURORA scneauie, forceag Lts temporary

abandonment; 1t will be pursued when scheduie permits. The discuss:on on SAM
performance 1n this paper will be limited t0 the axiai-field-free case anly.

S:mcle trajectory moce! (zerpo axial field single particle oroits)
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The eguat:ons of motion, with B = @, i1n car:asian coordinates ara:

-
-

«Yme ) = -qav B quation |
-— x Sy
g
d (X “v ) = qgv B Equaticn 2
——— y 2 x
at
«\ my = qv B8 - aqvB + aqaE Egquation 3
- = Xy P z
dt

whera v v , v are ccmponen: velocities, B , B , E are component fieids,
X y = X y =
Q and m are= the electron charge and mass respectively, Y 13 the relat:ivistic

faczor, ana ¢ 1s the speed of lignt. The disolacement X , i1n the x dirsciion,

may be aobtainea from Eana. | and 3 with the substitution:
Tiz)
X’ a | + ~==-=- Equation ¢
E
0
where

Elactron rast energy

] E.ectron charge

= mimctren voltace definad 1A Equation 7

to ootain:

==== ® <=c- @ & s e e emmc———ee——a- Equat:oan §



shere K = | ===cw--

and = i1s the diiplacament :n the beam propagati:on giresct:on. A sim:ilar
equatlion 1s ocotained for aY/dz.

e et Equation &

Equations § and B are solved for the normal displacements X and Y a: a
func:ion of axial displacement = i1n two regions. The first reg:on 13 the
anode-cathode gap where the potential distribution for an infinite planar
Child-Langmuir aiode 1n the non-relativistic limit (3] Tiz) 19 used 1n the
axagression for

4
z 3
T(z) =V - -1 Equation 7
o | V)
whars V = aps ( cathode voltage )
Q

d = anoda-cathode spacing

The second ragicn s the post-anode dri1ft reg:on whare= elecirnan energy is
4 constant ang no space-charge effects are 1ncludeg. The solution 1n the
secorg ragion has an arbitrary constant that 1s determined by normalizing
solutions at the anoda. The field componunts B and B are calculated for a

x Y
reactangular beam as describesg in (4],



For a rectangular emiiier centeres at =9, y=3, ang x=9, with the hHeam

propacating in the : direction, ana long dimension bBeing the x dirsc:ion, the

solutions for Y and K ar=:
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A SAIIC arsgram was writien to calzulate gecmertric angd trajeciory snading
lossas of a hibacni having only vertical slots (as has the SAM). The program
includes wail curraeant corractions ‘o the magnetic field by the method of
1mages. This pracacur=s does not describs the fiaelds pracisely since 1t
assumes idealized raturn currents. Particle tra;ectorias are calculated using
the magnetic f.eld at the point of emission over the full trajectory and
corractions to the aeleciric potantial are not made based aon heam pinching.
The equat.ons are not time-depencient: single-value cathode voltage and
currant dansi'y are assumad. However, this simpla appraacn acaoears tc pradict
ralative transmissions that agrse with measurag results.

The intant of this exarcise was to pravida tha hibachi desigrer with a4 useful
tooi to provide a relative figurs of merit for various hibachls under
cansidaration. At prasent this pragram will only worx far hibachis with one
row of slots, 1L.s., only vertical ribs.



The calculation of laosses ar= done in the follow:ng manner: the emitter 1s
divided up 1nto an array of emitting sites, anc the projected beam ar=a on
the hihacni ribs 13 obtained by calculating X and Y narmai d:solacements for
emitter eagce elecirons and calculating the ar=a within the envelop of these
eiecirans. The overlap ar=a tSstyean the heam footzrint at ths hibacn: anc
hibacni ribs themseives 18 then known sinc= the r:o locations ars par: of
user (nput. This overlao ar=a coratitute the geome:r.c loss area. The heam,
~=gucec by the rib-interceotad pertion, now tecomes the neuw heam arsa to be
used :n calcuiaring trarectory snading loss, 1.e8., elecerans lost to the
sige=s or r:os, The trajectary-snaades g:s:ance due to macn rio 1s the
di:fferanza 1n the X dispiacements betue=n hinacri entry and ex:t pianes for
vertical ri.hs; the sraded ar=a 13 the arsguc: of tne snace: g:stances ang r:b
hiagnt. The ic9: fracticn 1s the beam arsa whicn overliacs Nihacn: strycsurss
g:videco by the tota: beam are=a.

Some conclusiony from numer:cal cailculatian:

1. Thin hibacnis with the largest possible slots have the least shading.
Ever=zciminisning returns an transmission 13 abtained as hibachi thickness
13 progressive.y reducad (snallow hibacni ribs) or siot arsa prograssively
increased (few hibachy ribs).

The vert:cai displacemant of edge eiecirons along the long emitter
dimens.on, calculated at the fo1l plane, 1s largest for those alectrons at
the central por:ion of the long edge. The hor:zontai displacament shows a
similar trand along-the anort dimension. Hence the simple modei predicts
the e-jeam footor:int on the foil 13 sli:ghtly bone-shap=a.

(]

The modal demonsirates that the optimal slot configuration for a
rectangular diode without external fieid 13 obtainea by or!anting the
slots with their long sides normai to the local magnetic fieid.

Far a long skinny cathode, this translates 1nto a single row of
vart.cally~orientad slots (perpendicular to the long emitter dimansion).

Eauations that dascribe othar aspects of the same problem may ba found in
{S1, [B1, ana (7] for tha i1ntarssted readar.

Machanical Design

Aluminum Z224-781 was cnssen a3 the forl material 1n tha SAM for 1is
re.at.vel,; hign tensile streang:n (ior an aiuminum ailoy/, 1ts resistance to
fluorina attack, and 1ts low atomic numoer; the small laser aperturs si:c=
macge raflectiivity a non-:ssue. [*s thicknass of 61 Mm was Lnadvartantly
chosen fram [ts availanility. The calculated temperatura rise for this
matarial was estimated to be approximataly 80 C using measured SAM voltage
and current wavaforms measured at the busning; the busning i1nductance was not
takan i1nto account (n this astimate of voltage. This temperaturs rise was
considarad o ba safe for Al Z0T4-T8! since 1ts atrength does not
substantially dec.-case until 159 C to 200 C is rsached. Yha calculatad
temparature rise was astimated to be approx.vateiy 30 C for &i Al fo1l and
120 C ‘for SLAAH Ti1 fo1l for the PA. Tha back-up pos:tion, shoufanalunxnun
foila fail e to beam hotspots, would ba to ravert to titanmium foils.



Past axperience with memorane stress equations had indicated that these
ecuations were too conservative for the design of hibacni slot siz=s. These
equations apoliea to aesign of the Intermeaiate Ampiifier hi.bacni resulted in
a struciure whose foil failed to rupture at pressur=s greater than 159 I af
the desigrad goint. This exper:ence, together w:th reduced stress at the rib
eage (from eil.ptical prafiling of the rit eages [8) ), led to a short
test:irg program to measurs burst pressures of sgec:fic slot sizss of
interast. Tensile stress at the center of the foul, calculated from burst
prezsure data, can then be compared with the ult.mate tensile stre=ss of
63,3320 psi quotec by the vengor.

«t

L.
v e
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The tas: F ure 12 shown 1n Fi1g. 3. The siot edge design incorporates the
Avcs Evers Rasearzn Lancrataory recammencartiaon, ana ail surfaces i1n cgontac:
Wit the foi. were poi.snez ta a I6 -:nen finisn. The differ=nt:ai pressure
across the foil was repeatedly cyciea from zera to a preset lave] by a t:mer-
oceratad soiencia valve to simulate the mecnan:cal service the foil would
ungergo. Eacn cycle consistea of applying pressure to the foil, holding 1t
for aoout a minute, and venting. Pressure could also be introducad and
released marually by a bypass toggle valve. While this procedure did not
simuiaie the dynamic pressure loading due to energy decasition in ths laser
gas, 1t was feit that this was a cost effactive compromise uith real:ity,
given that a safety facior would be incorporated into the final slat dasign.

Ten foi1ls were tested in tuo different slot configuratiorns shown in table 1.,
The numger of samples was =mall) limitea manpouer was availapole at the time
to perform these tests, and tmsting was stooped altogether uhen data was
deemed sufficient to extract a tensile strength with high confidencs. Foils
snown 1n the table as surviving | cycle wers intentionaily ruptured to obtain
an upper limit on preset pressure. Fo1l S failed aftar 1918 cyclas at a lower
pressure; we hazargeg the guess that this was due to some defect local to
this sample since foil B exceeded foil 5 in cycle numbar and burat pressurs.
Foiia 6 ano 10 dia not rupture by themseivea ai all. Foil 6 survived 1815
cyclas at 32 psi1g, had 1ts pressure increased to 36 psig for another 888
cycies, and failed at 47 psig wnen pressure was manually increased. Foil 10
survived 1255 cycles at 32.5 psig, and ruptured when pressure was manually
increased to 34 ps1g. The data shows large scatter, pernaps from
tndividuality of spec:fc areas of foil, or failure to maintain cona.stant
edgQe clamping conditions. Howaever, the results shoued that foils sasily
survived repeatad cycling in the thousand shat ranga at 90% of the lowast
single~shot ruptyre pressure for each slot size. Tha streas S in ths canter
of the foi1l 1s given by [9]

Lo
S e n \ ---------------- Equation 10
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whers st~=ss 1n the centar of the fo1l (pst)
d:mensianless coeffic:en: from F.g. 7.3, Ref [31]
2 deoanaent on siot lerngth=ta-uwidth razio

static plus tuics expecti2d dyramic pressure (psi)
length of slot (i1ncres)

moduius of eslasticity of foil mater:ai (psi}

fai1l thickness (i1ncnes)

3
[}

~ T~ 0

This ecuat:on :3 the most rel:acie one tz use as the locaticn of Lntersst 13
far ramcveag from the sage stress Lnuuced Oy local ciamping congitions (101,
Us:ng the lowest single-snot ructure prassurs for eacn slot si1ze in the apove
@nuation, tans.le strasses of 133,200 pa: and 141,000 ps: are caiculazec for
tre 3.!7S incn wize, anc 4,167 1ncn wids, siots ~=speciively. These numcers
are LN clase agraement with each other but ag:ffer vastly from the venger
rated ana testecd value of 53,000 psi. A safety factor of 1.5 was applieg to
the laower 0? the two numoers: this gives a vaiue of 88 ,§3@ psi to be used 1n
des:gn. The design parameters used, ang the rasultant hibacn: slot sizes for
tne SAM, ars given 1n tapie 2. The SAM hibachis consists of a row of verticail
s.0ts sanaratad by vertical r:bs @.254 cm wige. Thne slot ecges have
ell:istical arafiles as shown on F:g. 4. Hibacni gecth 1s calculated by
requir.:ng lnagividgual ribs to suoport the loaging on haif of eacn adjacent
s.ov. Hibachi depgth Ls minimisec by using hign strengtn materials: aluminum

pep—

7OTE-TB3 was cnosen for 1ts easy machinao:liiy and strangih.

Design parameters for the PA hibachi slots are also snown in taole 2. When
the PR hibacni was designeg some time afier the SAM's, the safety margin used
Ln design was decreased in two ways. We had notedq that the narrower slots of
the test fixture, whaose phyaical dimensions wers close to the procaple final
design dimensions for the PA hibach: slots, had a minimum burst presiurs of
40 psig (foLl S datapoint was ignored for reaasons mentionea earlier); this
translates tg a stress of 141,400 ps1 at foil canter. A lowerad safety factor
of 1.375 gives a working stress of 102,800 ps1. It was felit that these
chaicas would bhe acequate since ‘hese wars nased on actual burst data.

Both the SAM and PA have hibacnis built into their diode boxes. The existing
hibachi ribs i1n both amplifiers wers completely machinad away and new
hibachis fapricatad to seal over the cpened aperiuras. This ratrofit method
incresased ihe post-anode dr:f: ragions 1n the SAM 9y 1.27 cm, and in the PA
by 2.22 ¢m. In aacition, a new anode was fitted to tha SAM. This consists of

a row of 254U m wires spacad @.635 :zm apari; its geometric transmissiaon 1s
@.%E,

Taoie 3 snows tha calculated relative tranamissions for tha SAM. The

caicuiated rejat:ve 1ncrsased transmission of the new SAM hibacnhi, and hence
1ne expacted increase (n anaryly deposition, 13 22 %X.

SAM Experimental Results

When the new hibachi and aluminum foLl were 1nstalled, hctapots 1n the beam
oczasionally punctu~ed the foil at random locations. As reitanility was

of hign i1mportance, aluminum foi:l was abandoned 1n favar of T1 faoi1l wnich has
a much highar melting temperaturs. A 38 Am T1 foil was used.

/



A Barytraon model Z2220A-310Q0AB-5PQ94-32 capacitance manometer mounted on the
SAM laser cavity had previously measurad a S5 Torr pressure rise with 900
Torr of 0.S% FZ, 10Z Kr, ana 89.5% Ar mix at diogs parametars of 353 kV, 48
kA, and 290 ns FWKM prior to the hibachi change. This measurement had been
performed with a 25/&n TL forl.

The pressure Jump measurement was reseated with the new hibachi under the
same pulseo power and gas conditions. Energy deposition increased from 585 J
to 80Q J, an incrsase of 35 2 (versus 22X predicied by the model). We feel
the discrepancy betueen calculated and measur=2z values 13 largely due %o
simplifications mace 1n calculaiing the magraz:z field. A higher fieid (as
woulao be true for a convergir; oeam) woulc resuit in a higher trajectory

snacing loss fcr the old hihazhi ana hence make the relative Lncrease higher;
the new hibacnhi 18 so transpar=nt that 1ncrsasez fields prooaniy wouid not

s:gn:ficantly 1ncrease 1ts snac:ing losses.

PA Exparimantal Results

Aluminum foil worked well mechanically in this design though plagued with
fairlurass fram heam hotspots. A 38 Ti was substituted instead. The
frequency of fallures droppeag but/dio not stop altogether. Evidence of damage
from aluminum-anoae reiurn currents at the failure sites were observed on the
cathode. The failures oczurea closer to hibachi ribs than tha center of
siots. On the last failure, melted blobs of aiuminum (fraom the hibachi) that
langea on the foil were founa: tney wers surrzundsd by heavy discalorat:ion of
the T: foi1l {indicating heai:ng). We surmis=d that the currant density (34
A/cm~2) was high enough to cause vaporization of the hibachi material. While
this by itself d:d not cause foi1l failures directly, the odd b'aobs of moltan
mater:al that langed on the foil either weakensa 1t, or caused an
exiraordinary amaunt of beam energy to be stopped at these sites on
subseguent shots. The probler went away after the upstresam side of the
hibacni was coverea with Ta ana W foil.

A pressurs rise of 1638 Torr had previously been measurad with 753 Torr of
0.5% FZ, 10% Kr, and 83.5% Ar mix at Marx bank charge of +/- §3 kV (cathode
voltage 5390 kV). This corresponds to 9.9 kJ depasitad energy. Quing to jittar
problems with the Marx generator and output switch during the assigned
checkaut period, it was not possible to measure laser cavity energy
denosition at the same pulsea power lavels for diract caomparison to the
modei.

At present, pressures ri3e is routinelyv 300 Torr at +/- Sd kV Marx ganerator
charge (cathoa= voltage S90Q k'), corrasucnding to 7.7 kJ decaosited snergy
into a lasar mie of Q.2% F2, 13% Kr, ana 32.7% Ar. This 13 4 conservative
numper as deposlited energies as hign as 18.9 kJ have been measurad at the
1.8
same pulsad power levels (depencing on PFL switchout time). Apolying V
scaling to the depositad energy for a | sided pump, 345 Torr or 20.4 kJ
deposited eanergy can be expected at +/- S35 kV Marx bank charge. This
translates to a relative incrmsase of 2.25 (ratio of 345 ta 163 Torr). Henca
the new hibach: anpears to have met the daesign al of doublad pump power.
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Summary
An ult:mate tensils strarngth of almost twice the puciisnad value far aluminum
2023-781 was inferrsa from foil bur~st tests. The :nferres value was usedg :'n
gesigning siot size=s far hibachis that were fireidea 1n the 5AM ang Fa 1n
AURORA. An axpected rsiative gain in hibachi transmiss:on of 1.22 was
caiculated for the SAM hibacni using a simgie s:ngla-zarzicle 3rzii moce

this was 1n fair agreement wi:h exper.mantal measursment of |.25 . An
increase aof 1.9 1n P3 energy 2@cosition was measureg at +/- 5J kV Marx
1.8

generator charge. V '‘scaling 1ndicates that enerzy decositicn snoula be
twiC® that measursd prior to trne ucgrace at r.- S nU cnarge.
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calzuiatecg

precsa: fracoure sT-acs3s a3t
Foili 3 Siot opening pressurea % cyclas presaurs cantar
incneslincnes ps.g psig pstL

1 8.880X3.17S 1 dd 129,500

2 8.880X2.17% 1 41 142,720

3 8.586X3.17%8 1 4z 148,200

4 8.8389XZ.17% ! 49 141,100

S 8.889xZ.178 39 1815 39 116,700
3] 8.38uxX3.17E 3z 1613
36 883

1 47 187,400

7 8.880X%4.1867 i 37 140,500

8 8.880X4 ., 167 | 26 138,100

i 8.383xd4,1ET 1 1) 128,100
10 8.882X4.1867 IZ.8 1282

t 34 132,900

TAELS 1: Test data for the 19 foils tesiea., Caizulated stress uses equation
19 4ith p=fraciurs oressure (cs1@), M=193.5e8 psi for aluminum,
n =9.23 for the 3.175 1ncn wide slot, and n =3.241 for the 4,176
< _ 2
incn wide slot. o



Say g3

static pressure (Torr) 1220 200

dynamic pressure (Tor~) 128 313

infer-ad ult.mate 132,390 141,400
stress (psi) 3 (test foul 19) (test foil 1)
safety fac:or : 1.5 1.278

fo.! worxing stress (gs:! 892,329 1@.,390
n @.2cs 2.220

<
Siz: Langth (inchas / cm) €.37S 7 13.53 8.332 7 27.3%8
Siot Wiath (i1ncnes / cm: 2.737 / B.8E 2.970 /7 7.84
Rib Wiasth (inches / cm) 9.1 / 9.2% Q.1 / d.23
Corner (i1ncnes / cm) 9.2 / 0.54 9.5 /1.7
Rac:us
Rid Depth (inches / cm. 0.5 /1.2 2.37s /7 2.22

\

TABLE 2: Oesign parameters and finai siot sizes for tne 3AM ana PA. Q:iher
caramecars yseag are= t=9,207% i1ncnres, ang M= 10.3e5 ps1 for aluminum,

(XX X I T PY Y EY R PYYYRRR RN R RN RN NRNRRR NN R RN NN A RN R RAN R RA NS AL RS A A A R R L A AN 2 N X X 4

SAl befare SAM aftitar nalative
upgrade . uoQrade Change
Geomerr:.c 0.317 0.220 1.214
Transmission
1 =9
o}
Tra:ac ory .31 0.37¢ 1,133
Transmission
(1 =9
t --------
Net ralative change 1.218

TABLS 3: Caizulatad raiat.va hibacht transmissions for the S5AM, 8 i1nciudes
gesmatric t~ansmission of 3.36 for angue gr:d.
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